Laktik asit bakterileri (LAB) genellikle güvenli addedilen (GRAS) mikroorganizmalardır ve genellikle endüstride ve tıp alanında geniş kullanımı vardır. Biz gen mühendisliği aracılığıyla bu bakterilere ilave özellikler eklemeyi deniyoruz. Buna rağmen plazmidlerdeki antibiyotik direnç geni varlığından dolayı genetik olarak modifiye edilmiş bakterilerin gıda ve ilaç alanında kullanımı kabul edilebilir değildir. Bunun sonucunda gıda düzeyi seçim seçim markırları geliştirme bir ihtiyaçtır. Gıda düzeyi markırları seçilmiş özelliklerine göre üç sınıfa ayrılır: Dominant, tamamlayıcı ve şeker fermentasyon markırları. Bu derlemede ilave çalışmalara geçerli referanslar sağlamak için, gıda düzeyi seçim markırlarındaki gelişmeler gözden geçirildi.
INTRODUCTION
Food-grade systems are defined as an association of DNA that originates exclusively from "generally recognized as safe" organisms, including the selection marker (1). The criteria used for the classification as a food-grade marker include the safety of the genetic material transferred in the host, food compatibility, the absence of antibiotic resistance markers, the nonuse of harmful compounds, and the applicability on an industrial scale or in food products (2, 3) . Lactic acid bacteria (LAB) encompass a heterogeneous group of microorganisms, which have as a common metabolic property the production of lactic acid from the fermentation of carbohydrates (4) . LAB are Gram positive, nonsporulating and acid tolerant, and belong to the Firmicutes, including Lactobacillus, Lactococcus, Streptococcus, Pediococcus, Oenococcus, Enterococcus, Leuconostoc (5) . From a biochemical perspective LAB include both homofermenters, which mainly produce lactic acid, and heterofermenters, which, apart from lactic acid, yield a variety of fermentation products such as acetic acid, ethanol, carbon dioxide and formic acid (6) . The ecological distribution of LAB is vast, they are found in a large variety of environments, including milk and dairy products, vegetable and plants, cereals and meat. LAB are used extensively to manufacture yogurt and a number of cheeses. The extensive commercial use of these bacteriums has led to several fundamental and applied studies aimed at increasing our understanding of these LAB, to select better strains or to improve them through genetic modification (7, 8) . Vectors such as plasmids are necessary in presenting of objective genes to recipient cells to construct recombinant strains. In order to ensure the recombinants were selected effectively, all plasmids were inserted one or more selective markers. However, traditional LAB plasmids contain one or more antibiotic resistance markers, and when these plamids were used in environment, human and animal bodies, they would bring hidden dangers in biosafety and can not be accepted in applications because of the resistance factors transferring. Due to the restrictions associated with using antibiotic markers in applications, three alternative types of selection have been used: dominant selection markers, complementary selection markers, and sugar utilization markers.
Dominant selection markers
The dominant selection markers, such as bacteriocin resistance, bacteriocin production and immunity, or heavy metal resistance, is relatively straightforward but depends upon the presence of these selectable markers on the plasmid of interest (Table 1) . 
Bacteriocin resistance and immunity
What closely related to the antibiotic resistance selection markers are dominant food-grade bacteriocin-resistance markers. Nisin, a lanthioninecontaining peptide of 34 amino acids produced by certain strains of Lactococcus lactis, is widely used in the food industry as a safe and natural preservative and licensed by 48 countries around the world because of its antimicrobial activity against a broad range of gram-positive bacteria, including Staphylococcus aureus, Listeria monocytogenes, Listeria innocua, Micrococcus luteus, et al (4, (23) (24) (25) (26) (27) (28) . The efficiency of nisin as an antimicrobial agent could be seriously compromised by the occurrence of nisin resistance in some Lactococcus lactis. The nisin resistance of Lactococcus lactis always base on two factors: (i) for nisin-producing Lactococcus lactis strains, NisI seems to play an important role in nisin immunity; (ii) for unnisin-producing Lactococcus lactis strains, they encode the nisin resistance determinant (nisr) (14) . The first food-grade systems based on bacteriocin resistance were plasmids pVS40, pFM011, and pFK012 containing the nisin resistance marker nisr from Lactococcus lactis (9, 11, 12) . Electroporating the plasmids with nisr gene into hosts could make the hosts grow in medium added a certain content of nisin. NisI play a crucial role in nisin immunity. The food-grade plasmid, pLEB590, with nisI as a selection marker, was constructed entirely of lactococcal DNA: the pSH71 replicon, the nisI gene, and the constitutive promoter P45 for nisI expression. Electroporation into L. lactis MG1614 with 60 international units (IU) nisin/ml selection yielded approximately 105 transformants/μg DNA. MG1614 carrying pLEB590 was shown to be able to grow in medium containing a maximum of 250 IU nisin/ml. The plasmid pLEB590 also afforded the industrial L. lactis and L. plantarum nisin resistance and immunity (14) .
Lactacin F is a class II bacteriocin produced by Lactobacillus johnsonii VPI 11088, which is a twocomponent bacteriocin composed of LafA and LafX peptides (29) . Open reading frame (ORF) ORFZ is located downstream of the bacteriocin genes and encodes a hydrophobic protein that is predicted to contain four transmembrane helices 30. The three genes lafA, lafX, and ORFZ compose the laf operon characterized by a promoter (Plaf) upstream of lafA and a rho-independent terminator downstream of ORFZ (30) . Several other bacteriocin systems have a similar genetic organization. In most cases, the bacteriocin structural gene(s) and the gene encoding the immunity protein are located adjacent to each other. The genetic analyses confirmed that ORFZ encodes the immunity factor for the lactacin F system, and it was therefore designated lafI. Disruption of lafI resulted in sensitivity to lactacin F. Cloning and expression of lafI in lactacin F-sensitive strains, L. johnsonii NCK65 and NCK800, restored immunity to the bacteriocin. Furthermore, lafI was successfully expressed in heterologous strains of lactobacilli, in which it conferred immunity to lactacin F, and LafI+ transformants of L. fermentum were selected by using lactacin F (15) . Consequently, lafI provides a potential food-grade marker for genetic experiments with some lactobacilli.
The propionicin F bacteriocin is a 4.4-kDa negatively charged peptide produced by certain strains of P. freudenreichii (31) . The maturation of propionicin F is unique and apparently involves both N-and C-terminal processing of a large proprotein where the mature bacteriocin peptide constitutes amino acids 102 to 145 of the 255-residue PcfA proprotein. Immediately downstream of pcfA reside pcfB, a radical S-adenosylmethionine transferase, and pcfC, a proline peptidase, both of which are involved in maturation of the peptide bacteriocin. A bacteriocin-type ABC transporter (pcfD) is located further downstream. The pcfI gene, located as part of the pcfABC propionicin F operon and encoded propionicin F bacteriocin immunity, rendered the sensitive host 1,000-fold more tolerant to the propionicin F bacteriocin (85) . The physiochemical properties of the 127-residue large PcfI protein resemble those of membrane-bound immunity proteins from bacteriocin systems found in lactic acid bacteria. The high level of immunity conferred by pcfI allowed its use as a selection marker for plasmid transformation in P. freudenreichii. Electroporation of P. freudenreichii IFO12426 by use of the pcfI expression plasmid pSL102 and propionicin F selection (200 bacteriocin units/ml) yielded 107 transformants/μg DNA. The 2.7-kb P. freudenreichii food-grade cloning vector pSL104 consists of the pLME108 replicon, a multiple cloning site, and pcfI expressed from the constitutive PpampS promoter for selection. The pSL104 vector efficiently facilitated cloning of the propionicin T1 bacteriocin in P. freudenreichii. High-level propionicin T1 production (640 BU/ml) was obtained with the IFO12426 strain, and the food-grade propionicin T1 expression plasmid pSL106 was maintained by ~91% of the cells over 25 generations in the absence of selection 85.
Heavy metal resistance
Lactococcal heavy metal resistance determinants, such as cadmium resistance (Cdr) and copper resistance (Cur), have been also used as food-grade markers in Lactococcus. lactis (17) . The 8.8-kb Lactococcus lactis plasmid pND302 encodes resistance to cadmium (Cdr). Regions of pND302 involved in replication and Cdr were subcloned and sequenced. The Cdr determinant is localized on a 2.9-kb region and encodes putative proteins similar to the Cd(2+)-specific P-type efflux ATPase (CadA) and the transcriptional regulatory repressor (CadC) identified in Staphylococcus aureus, Bacillus firmus, and Listeria monocytogenes (17, 32) . Based on the Cdr from pND302, pND648, pND965DJ, pND965RS were constructed and afforded the hosts cadmium resistance (13) . pND919 carries a heterologous native cadmium resistance selectable marker from L. lactis M71 and expresses the Cdr phenotype in S. thermophilus transformants (18) .
A plasmid-borne copper resistance operon (lco) was identified from Lactococcus lactis subsp. lactis LL58-1. The lco operon consists of three structural genes lcoABC. The predicted products of lcoA and lcoB were homologous to chromosomally encoded prolipoprotein diacylglyceral transferases and two uncharacterized proteins respectively, and the product of lcoC is similar to several multicopper oxidases, which are generally plasmid-encoded. This genetic organization represents a new combination of genes for copper resistance in bacteria. Transposon mutagenesis and subcloning analysis indicated that the three structural genes were all required for copper resistance. Copper assay results showed that the extracellular concentration of copper of L. lactis LM0230 containing the lco operon was significantly higher than that of the host strain when copper was added at concentrations from 2 to 3 mM. The results suggest that the lco operon conferred copper resistance by reducing the intracellular accumulation of copper ions in L. lactis (13) .
Liu CQ et al. developed five food-grade cloning and expression vectors (13) . pND648, as one of them, encodes resistance to both nisin and cadmium. pND969, another one, encodes resistance to both nisin and copper. The presence of multiple markers may allow selection for recombinants based on insertional inactivation. Most importantly, they can assist in selection and may expand the host range of the food-grade vector as an industrial strain naturally containing both traits is less likely. While resistance to cadmium and/or copper can serve as a useful selection marker, the two agents are toxic to many organisms including humans, and hence they can only be used in the selection step. However, maintenance of the selection pressure may not be necessary especially in batch culture fermentations given their high stability in L. lactis.
Other factors
Plasmid pSt04 of Streptococcus thermophilus contains a gene named shsp encoding a protein with homology to small heat shock proteins 33. Transformation of the cloned shsp gene into S. thermophilus St11 lacking a plasmid encoding shsp resulted in increased resistance to incubation at 60°C or pH 3.5 and in the ability to grow at 52°C. A foodgrade cloning system for S. thermophilus, based on the plasmid-encoded shsp gene as a selection marker, was developed. This approach allowed selection after transfer of native and recombinant shsp plasmids into different S. thermophilus and Lactococcus lactis strains (21) . The small heat shock gene shsp present on S. thermophilus plasmid pSt04 confers to cells resistance to elevated temperatures and low pH conditions. These properties allow shsp to be applied as selection marker in transformations. The advantages of shsp as selection marker are that (i) it is equally efficient as the Emr marker, a frequently applied selection marker in lactic streptococci; (ii) it does not require strains with specifically altered genetic information; (iii) it is a rather small gene of just ca. 480 bp and therefore does not overly contribute to the size of cloning vectors to be constructed; (iv) it provides an additional opportunity to select for maintenance of more than one plasmid within the same cell; and (v) it is a food-grade selection marker for S. thermophilus and other lactic acid bacteria applied in food fermentations (21) .
Plasmid pAH90 (26,490 bp) was originally identified in L. lactis subsp. lactis biovar diacetylactis DPC721, a spontaneous bacteriophage-insensitive mutant of L. lactis DPC220, a strain specifically used in the manufacture of cultured butter 34. The bacteriophage resistance plasmid is a natural cointegrate plasmid formed via homologous recombination between the type I restrictionmodification specificity determinants (hsdS) of two smaller lactococcal plasmids, pAH33 (6,159 bp) and pAH82 (20,331 bp), giving rise to a bacteriophage insensitive mutant following phage challenge (35) . The entire nucleotide sequence of plasmid pAH90 was determined and found to contain 24 open reading frames (ORFs) responsible for phenotypes which include restriction-modification, phage adsorption inhibition, plasmid replication, cadmium resistance, cobalt transport, and conjugative mobilization. The cadmium resistance property, encoded by the cadA gene, which has an associated regulatory gene (cadC), is of particular interest, as it facilitated the selection of pAH90 in other phage-sensitive lactococci after electroporation. These provide evidence that the recombination event is favored by phage infection 22.
Complementary selection markers
The second alternative involves complementation, which for example might depend on thymidine, pyrimidine, or amino acid auxotrophies (Table 2) , a strategy requiring the initial mutation of chromosomally encoding traits and the subsequent complementation of this phenotype by plasmidcarried genes. 
Thymidylate auxotrophy
The thyA gene, encodes thymidylate synthase，can be used as a food-grade complementary selection marker. In the case of complementary marker genes, the gene relevant to the host should be inactivated first, which is sometimes difficult to perform by mutation or recombinant DNA techniques. The spontaneous thyA mutants of LAB have been obtained by using antifolates such as trimethoprim (TMP) and aminopterin (42, 43) . Two thyA genes, thyASt and thyALb, were cloned from S. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus, respectively. Food-grade vectors were constructed by using either thyASt or thyALb as the selection marker. Transformants of S. thermophilus TM1-1 created by using these vectors were selected for thymidine autotrophy as efficiently as for antibiotic resistance. By using the host-vector system developed in this way, a foreign amylase gene (amyA) was expressed in TM1-1 and was also integrated into the chromosome by use of a temperature-sensitive integration vector constructed with thyALb as the selection marker via a doublecrossover event (43) . By using recombinant DNA techniques, the thyA mutants also have been obtained and used for the integration of the human interleukin 10 gene 50. All of these indicated that thyA is an efficient and safe selection marker for LAB and suitable for industrial and medical applications.
Pyrimidine auxotrophy
Pyrimidine metabolism has been extensively studied and a review of nucleotide metabolism in LAB has recently been published (51) . A new lactococcal plasmid, pDBORO, was isolated from the Lactococcus lactis subsp. Lactis biovar diacetylactis strain DB0410. This plasmid is responsible for the sensitivity of DB0410 to the toxic pyrimidine analogue 5-fluoroorotate. By plasmid deletion analysis and molecular cloning, a single locus on pDBORO was found to confer sensitivity to 5-fluoroorotate, it was named oroP. Orotate is an intermediate in the pyrimidine biosynthetic pathway. The oroP gene, encoding an orotate transporter, was found to be essential for the utilization of orotate as the sole pyrimidine source in a strain deficient in pyrimidine de novo synthesis. Interestingly, homologues of oroP could be identified on the genomes of the L. lactis strains MG1363 and IL1403 despite the fact that these strains were unable to utilize orotate. oroP was found to be functional also in Escherichia coli and Bacillus subtilis. The results showed that oroP can be exploited as an efficient selection/counterselection marker (47) .
The vector, pFG1, used an ochre suppressor gene, supB, as the selectable marker. It exists in five to nine copies in the cell and has allowed the overexpression of several Lactococcus genes in strains derived from the laboratory strain MG1363 (45) . However, The use of pFG1 in industrial strains of Lactococcus has not been successful due to a reduced acidification rate in strains bearing pFG1 derivatives. Whereas in MG1363 derivatives pFG1 causes a slight growth inhibition, in industrial strains a severe growth inhibition were seen and the vector was very unstable. Based on these observations, a new foodgrade cloning vector, pFG200, was developed using an amber suppressor, supD, as a selectable marker. supD encodes an altered tRNA Ser and suppresses only amber codons, which are present at the ends of approximately 10% of Lactococcus genes (45, 52) . By introducing an amber codon into the pyrF gene, pyrimidine auxotrophs was generated and used as host strains for pFG200. This marker allows the selection and maintenance of pFG200 in pyrimidinefree medium, and also stably maintained in the host cells in media including milk, has virtually no impact on growth and acidification rates (46) .
Amino acid auxotrophy
The threonine biosynthetic pathway has been studied extensively in many prokaryotes. Two genes, hom and thrB, involved in threonine biosynthesis in Lactococcus lactis MG1614, encode homoserine dehydrogenase and homoserine kinase, were identified by the homology of their gene products with known homoserine dehydrogenases and homoserine kinases from other organisms (38) . The identification was supported by construction of a Lactococcus lactis MG1363 mutant containing a deletion in hom and thrB that was unable to grow in a defined medium lacking threonine. Transcriptional analysis showed that the two genes were located in a bicistronic operon with the order 5' hom-thrB 3' and that transcription started 66 bp upstream of the translational start codon of the hom gene. A putative -10 promoter region (TATAAT) was located 6 bp upstream of the transcriptional start point, but no putative -35 region was identified. A DNA fragment covering 155 bp upstream of the hom translational start site was functional in pAK80, an L. lactis promoter probe vector. In addition, transcriptional studies showed no threonine-dependent regulation of hom-thrB transcription. Based on the hom-thrB operon as a selective marker, pJAG5 was constructed and used to deliver genes for expression in eukaryotes 39. The successful delivery and expression of genes in human kidney fibroblasts indicated the potential of the designed nonantibiotic host-plasmid system for use in genetic immunization.
In Lactobacillus plantarum and Lactococcus lactis, alanine racemase activity is encoded by homologous alr genes. Disruption of alr in both LAB resulted in auxotrophy for D-Ala on rich media (53, 54) . Additionally, no growth of the L. plantarum deletion mutant was observed on minimal medium with or without L-Ala, indicating that L-Ala does not suppress another putative alanine racemase. In contrast to B. subtilis, alr appears to be the sole gene coding for alanine racemase activity in L. plantarum (53) . The alr genes of these lactic acid bacteria were investigated for their application as food-grade selection markers in a heterologous complementation approach. Since isogenic mutants of both species carrying an alr deletion (△alr) showed auxotrophy for D-alanine, plasmids carrying a heterologous alr were constructed and could be selected, since they complemented D-alanine auxotrophy in the L. plantarum △alr and L. lactis △alr strains. Selection was found to be highly stringent, and plasmids were stably maintained over 200 generations of culturing. Moreover, the plasmids carrying the heterologous alr genes could be stably maintained in wild-type strains of L. plantarum and L. lactis by selection for resistance to D-cycloserine, a competitive inhibitor of Alr (600 and 200 μg/ml, respectively) (36) . Hence, alr-based selection could provide a useful expansion of the genetic tools available for these LAB. Application of the alr gene as a food-grade complementation marker can probably be extended to many other LAB, including industrial strains.
Sugar utilization markers
Because some of LAB can not ferment lactose, melibiose, sucrose, or xylose, the utilization of these sugars can be used as food-grade selection marker by the growth on a medium containing a certain sugar as a sole carbon source (Table 3) . 
Lactose fermentation
The detailed characterization of the L. lactis lac operon encoding the lactose phosphotransferase system and tagatose-6-phosphate pathway has provided the possibility of developing a dominant homologous marker based on lactose complementation (64) (65) (66) (67) (68) . The small, 0.3-kb lacF gene encoding the soluble carrier enzyme IIALac was used as a selection marker in the plasmid-free L. lactis strain NZ3000 carrying an in-frame deletion of the chromosomal lacF gene. Lactose-utilizing transformants were easily selected on lactose indicator plates at high frequencies and showed a copy number of approximately 50 plasmids per cell. All vectors were stably maintained in the lacF strain NZ3000 when grown on lactose, and only the highlevel expression vectors showed some instability when their host was grown on glucose-containing medium 49 .
Lb. casei strains have also been shown to ferment lactose via phosphoenolpyruvate-dependent lactose phosphotransferase system located either in the chromosome or in large plasmids (69) . Lactose utilization of Lb. casei strain E was shown to be plasmid-associated. For the construction of a lactosedeficient mutant, a 141bp in-frame fragment in the middle of the lacG gene encoding P-β-Gal was deleted by gene replacement. Mutated lacG gene encoded an inactive P-β-Gal lacking 47 amino acids, resulting in a stable Lac-phenotype. A lacG complementation plasmid pLEB600 had been constructed for testing of the Lac-△lacG strain. This plasmid was constructed out of three DNA fragments from different food-grade organisms: the lacG gene from Lb. casei, the pSH71-based replicon from Lc. lactis, and the constitutive pepR-promoter (PpepR) for lacG expression from Lb. rhamnosus. After the recombinant plasmid was transformed into Lb. casei E △lacG, colonies obtained on lactose selection plates were picked and the acid production from lactose was confirmed on lactose indicator plate (48) .
Melibiose fermentation
The a-galactosidase hydrolyzes a-galactosides such as melibiose, and raffinose. The disaccharide or trisachaaride is not prevalent in natural habitat of LAB and is not a common fermentation substrate for lactococci. Therefore, the a-galactosidase activity phenotype was regarded as a prospective dominant selection marker for cloning vectors and it was not necessary to construct the a-galactosidase deficient mutant host. A food-grade vector pRAF800 containing aga gene as a selection marker was constructed and the result showed the possibility of agalactosidase gene as a selection marker and the transporter pathway of melibiose as a substrate into inside cells (60) . An efficient food-grade expression/secretion vector containing the Lb. plantarum a-galactosidase gene (melA) as a selection marker focused on overexpression of foreign protein for lactococci. In Lactococcus lactis, transformants carrying the vector were easily detectable by the appearance of a blue colony on a X-a-gal-containing medium and also by the growth on a medium containing melibiose as a sole carbon source 59.
Sucrose fermentation
The sucrose genes scrA and scrB, encoding the sucrose-specific enzyme II and the sucrose-6-phosphate hydrolase, respectively, of the lactic acid bacterium P. pentosaceus PPE1.0, have been cloned and used as food-grade selectable genes for the construction of the integration plasmids. The location on the MG1363 chromosome of the chromosomal fragments used in the construction of the integration plasmids pINT142, 124, 125 and 129 were selected in the RepA+ helper L. lactis strains LL108 and LL302 using a growth medium with sucrose as the only fermentable sugar (62) .
Xylose fermentation
Two plasmids, pXH5OA and pXH37A were isolated from L. pentosus MD353, which together contain at least three genes involved in D-xylose catabolism (70) . The genes are organized in a cluster on the chromosome (xyl cluster) in the order 5'-xylR (encoding the presumed regulatory protein)-xylA (encoding D-xylose isomerase)-xylB (encoding Dxylulose kinase)-3'. To enable a functional analysis of the L. pentosus MD353 xyl cluster in Lactobacillus spp., the genes were inserted in the E. coliLactobacillus shuttle vector pLP3537, resulted in pLP3537-xyl. The recombinant plasmid was used to transform L. casei ATCC393, a non-D-xylosefermenting strain that can be efficiently transformed with plasmid DNA (71) . Following electroporation, the cell suspension was spread on MRS agar with Dxylose and bromocresol purple as an indicator for acid production. After 3 to 4 days of anaerobic incubation at 37°C, a few erythromycin-resistant transformants surrounded by a yellow halo were obtained (63) .
CONCLUSION

LAB,
generally recognized as safe microorganisms, were applied extensively in medical health, food fermentation, and food preservation, such as flavor producing, enzyme producing, inhibine producing, valuable metabolites producing, vaccine presentation, and the food-grade selection markers also obtained great progress in the past twenty years for target gene presentation as well as biosafety (72) (73) (74) (75) (76) (77) (78) (79) (80) (81) (82) (83) (84) .
Despite promising data of food-grade selection marker, there are several challenges that need to be faced in applications. These include biostability, delivery efficacy, selection efficacy, expressing efficacy, and the precise sequence of target gene. We should still pay more attention to these studies in order to select stable, convenient, feasible, and effective food-grade selection markers. In addition, two or more selection markers combined each other may be a good choice in future.
